Introduction: Phylogenetic analysis determines similarities among HIV genetic sequences from persons infected with HIV, identifying clusters of transmission. We determined characteristics associated with both membership in an HIV transmission cluster and the number of clustered sequences among a cohort of young black men who have sex with men (YBMSM) in Chicago.
INTRODUCTION
Phylogenetic analysis can be used to determine similarities between genetic sequences of persons infected with HIV. 1 Highly similar viral strains can then be combined with epidemiologic data to identify an inferred transmission network for a particular population. 2, 3 Results from these analyses can be used to assess demographic or risk characteristics associated with membership in a transmission cluster 4 and transmission cluster size. 5 Results from these analyses can also highlight differences in transmission by geographic location, 5, 6 infection subtype, 7 and drug type resistance. 8 Phylogenetic analysis and transmission network analyses are key to targeted interventions and controlling the outbreak of infectious diseases, 3, 9 including HIV.
Previous studies have examined characteristics that are associated with having highly similar HIV strains, termed membership in a transmission cluster. 4, 5, 10, 11 These studies, however, have focused primarily on differences by geography 4, 5, 10 or basic demographic characteristics. 11 Findings have demonstrated that young black men who have sex with men (YBMSM) are those most likely to be members of an HIV transmission cluster and are also more likely to be in larger HIV transmission clusters. To appropriately target and disrupt transmission of HIV among YBMSM, especially given the high incidence of HIV among YBMSM, 12 it is necessary to examine specific demographic and risk characteristics that are associated with transmission network membership and size. Understanding these specific characteristics associated with HIV transmission among YBMSM will inform intervention strategies and guide public health department HIV prevention policy.
We examined HIV type 1 (hereafter referred to simply as HIV) pol sequences collected between 2013 and 2016 from study participants in Chicago, IL. From those data, we inferred the molecular transmission network, identified transmission clusters, and determined the network degree among these clusters. We then determined characteristics associated with both membership in a transmission cluster and the number of persons within a transmission cluster.
METHODS
The setting and population have been described in detail previously. 13 Briefly, uConnect is a longitudinal population-based cohort study, 14, 15 which was designed to assess factors associated with HIV risk and transmission among a sample of YBMSM. uConnect participants resided mainly in South Chicago and the adjacent southern suburbs, which represents the largest contiguous black community area in the United States. 16 
Eligibility Criteria
Study respondents were eligible to participate if they (1) self-identified as African American or black, (2) were assigned male at birth, (3) were aged between 16 and 29 years (inclusive), (4) reported oral or anal sex with a male within the past 24 months, (5) spent the majority of their time on the South side of Chicago, and (6) were willing and able to provide informed consent at the time of the study visit.
Interview
Recruitment using respondent-driven sampling (RDS) and survey follow-up occurred between August 2013 and January of 2016. Surveys were conducted across 3 waves of study, each separated by 9 months. Interviews were conducted using Computer Aided Personal Interviewing (CAPI) with some portions self-administered. The interview itself involved different types of questions and activities: background and sociodemographic questions, self-administered scales of substance use, and HIV care continuum measures.
Participants were asked a series of questions that would allow for the construction of both a sexual and confidant network. Participants were asked "Thinking back over the past 6 months, that is since MONTH, how many people, including men, women, and transgender women have you had sexual activity with, even if only one time" and "So I can ask some follow-up question, please list the names of the people with whom you discuss things that are important to you," to elicit the number of sexual partners and confidants, respectively. For sexual partners, participants were asked identifying information and a series of questions regarding their relationship and risk behaviors with each partner. For confidants, participants were asked identifying information and a series of questions regarding their relationship with up to 5 confidants.
We developed a matching algorithm to create the social network among respondents in the uConnect network. At each uConnect wave, respondents were asked detailed information regarding their sexual partners and confidants, including name, age, geographic residence, and other sociodemographics, if known. These data provided by respondents were then matched across all waves to identify unobserved ties that may exist as a result of different respondents naming the same individual as a network member. The algorithm used to complete the matching process was verified by 2 separate analysts with all matches confirmed manually, and has been described in detail elsewhere. 17 
Transmission Network Inference
Dried blood spots were collected as a portion of each participant's survey at each wave. Each participant's HIV infection status (including acute infection) was determined by fourth-generation HIV immunoassay (Abbott ARCHITECT HIV Ag/Ab Combo assay), HIV-1/-2 Ab differentiation (BioRad Multispot HIV-1/-2 Rapid Test) and viral load testing (Abbott ReaLTime HIV-1 assay) applied to samples eluted from dry blood spots (DBS). 18 HIV pol sequences were obtained from all persons whose viral load was $2000 copies/mL, the allowable limit for elution from dried blood spots. Specific procedures describing extraction of cellassociated HIV DNA from dried blood spots and HIV pol amplicon sequencing, including the number of base pairs analyzed and primers used, have been previously described. 19 For participants whose viral sequences were unable to be determined, we obtained sequences (if available) collected through routine surveillance by the Chicago Department of Public Health (CDPH). All participants whose data were accessed through CDPH provided a release of information to obtain any available sequences or HIV-related test results.
All available genetic sequences were aligned to the HXB2 reference sequence using MUSCLE (MUltiple Sequence Comparison by Log-Expectation, European Bioinformatics Institute) multiple sequence alignment 20 in the MEGA v7.0 (Molecular Evolutionary Genetics Analysis) software package. 21 Phylogenetic tree analyses were performed using the neighbor-joining method, 22 with distance calculated by TN93 23 analysis. One sequence was obtained from each participant. Each individual is referred to as a node. An inferred potential transmission event was defined as having a genetic distance #1.5% between pol sequences and referred to as a tie. It should be noted that phylogenetic analyses cannot define which of those with similar sequences was transmitter versus recipient, or whether transmission was indirect through an unidentified individual rather than directly between those with similar sequences. A cluster was defined as $2 persons linked by $1 tie. All cluster visualizations were performed using NodeXL v1.0.1.340 (Social Media Research Foundation). 24 
Dependent Variables
We used 2 main outcomes in our analysis: (1) membership in a transmission cluster and (2) number of connections within the transmission cluster, referred to as transmission network degree. Cluster membership was a dichotomous measure indicating membership in an HIV transmission cluster. The network degree, or number of connections, within the transmission cluster was defined as the number of ties each individual had to other individuals the transmission cluster (eg, one individual tied to 3 other individuals would have a value of 3). the time of interview, (2) currently a student, (3) housing instability at any point in the previous 12 months, (4) presence of depressive symptoms (measured using the Brief Symptom Inventory 18-question survey 25 ), (5) group sex, and (6) condomless sex. Condomless sex and group sex were defined as at least one instance of each in the past 12 months. Drug use was defined as any use in the past 12 months; because of the high usage of marijuana in this population, use of marijuana was separately categorized as never, intermittent use (up to and including several times per week), and heavy use (at least once per day). All other drugs were combined into a single variable (including ecstasy/molly/E, poppers, crack/cocaine, heroin, psychedelics, methamphetamines, or prescription drugs).
Sexual network degree, and confidant network degree were determined using the full matched data across all 3 waves. In both types of network, network degree was used as a continuous variable. Confidants were asked as, "Please list the names of the people with whom you discuss things that are important to you." The number of sexual partners was asked as "How many people, including men, women, and transgender women have you had sexual activity with, even if only one time?"
Statistical Analyses
Association of all variables with both membership in a cluster and transmission network degree within the cluster was first analyzed using unadjusted logistic and Poisson regressions, respectively. RDS-weighted multivariable logistic and Poisson regressions were then used to estimate the association between all variables with membership in a transmission cluster and the transmission network degree as the dependent variables. All covariates identified as statistically significant at the P # 0.05 level, using the Wald test statistic, were included in the multivariable regression model. Effect modification was assessed using cross-products individually between sexual and social network degree and each of the covariates. All analyses were performed in Stata v14.0. 26 
RESULTS

Sample Characteristics
The final analytic sample included 266 HIV-diagnosed participants. Of these, 86 (36.0%) participants had an available sequence. There were no differences in sociodemographics or risk behaviors between participants who did, and did not, have a sequence available (not shown). Characteristics of those with sequence data are presented in Table 1 and are stratified by presence in a transmission cluster. The majority of participants with sequence data had low income (72, 83.7%), self-identified as gay 66 (77.7%), and reported condomless sex in the past 12 months (49, 57.0%). Figure 1 depicts the inferred HIV transmission clusters identified by phylogenetic analysis in the study sample. Among participants with available viral sequences, 31 (36.0%) were determined to be members of a transmission cluster. Connections between nodes represent an inferred HIV transmission as determined by phylogenetic analysis of the pol region with a maximum genetic distance of 1.5% (0.015 nucleotide substitutions per site). There were a total of 9 observed HIV transmission clusters with a total of 51 ties among all clustered individuals. The majority of members of transmission clusters were more likely to have low household income (27, 90.0%), self-identify as gay (24, 77.4%), and report at least one instance of condomless sex in the past 12 months (16, 51.6%). We also find that confidant network degree and HIV prevalence are significantly positively correlated (r = 0.12; P = 0.004). None of these characteristics of cluster members, however, differed significantly in unadjusted analyses from those who were not in clusters based on HIV sequence similarity (Table 1) .
In contrast, RDS-weighted adjusted logistic and Poisson regression analyses revealed that compared with those #Includes the use of ecstasy/molly/E, poppers, cocaine/crack, heroin, psychedelics, methamphetamines, and prescription drugs. **Degree is defined as the number of ties each individual had to other individuals in the network (eg, one individual tied to 3 other individuals would have a value of 3).
† †Confidants were defined as a close social contact, someone with whom the respondent would discuss things that are important to them. who do not report symptoms of depression, those who do report symptoms of depression are significantly less likely to be members of a transmission cluster (adjusted odds ratio [AOR] = 0.13; 95% confidence interval [CI]: 0.02 to 0.69). Additionally, we found that each additional member of a participant's confidant network significantly decreases the odds of membership in a transmission cluster (AOR = 0.70; 95% CI: 0.50 to 0.98). Compared with those with stable housing, those without stable housing were significantly more likely to be members of a transmission cluster (AOR = 3.71; 95% CI: 1.08 to 12.78).
The RDS-weighted multivariable analyses also found associations with the cluster size ( Table 2) . Those who reported housing instability had significantly more ties to other individuals in clusters (adjusted rate ratio [ARR] = 1.95; 95% CI: 1.36 to 2.81), compared with those who have stable housing (Table 2) . Compared with those who do not report low income, those with low income have significantly fewer connections to other individuals in HIV transmission clusters (ARR = 0.56; 95% CI: 0.37 to 0.86). Participants who reported using marijuana heavily, compared with those who reported never using marijuana, had significantly more connections to other individuals in transmission clusters (ARR = 1.96; 95% CI: 1.20 to 3.19). We also found that each additional member of a participant's sexual network significantly decreases the number of connections to other individuals (ARR = 0.91; 95% CI: 0.86 to 0.97).
DISCUSSION
In this study, we present novel findings regarding characteristics that may influence the spread of HIV through networks of YBMSM. First, we find that nearly one-third of HIV-diagnosed individuals with an available viral sequence in our sample were members of an HIV transmission cluster. Second, we find that having a greater number of confidants in *A cluster was defined as having $2 connected persons whose pol sequences were ,1.5% genetically distant. Cluster size was defined as the number of ties each individual had with others in the cluster.
†Using logistic regression among those who are HIV seropositive. ‡Using Poisson regression among those with an available viral genetic sequence. §P , 0.05. kIn the past 12 months. ¶P , 0.001. #Self-reported through the Brief Symptom Inventory 18-question survey. **Intermittent use is defined as anything less than and including weekly use; heavy use is defined as at least once per day.
† †Includes the use of ecstasy/molly/E, poppers, crack/cocaine, heroin, psychedelics, methamphetamines, prescription drugs.
‡ ‡Defined as consuming 5 or more drinks in one sitting in the past 30 days. HIV, human immunodeficiency virus; YBMSM, young black men who have sex with men.
one's network significantly reduces the odds of being in a transmission cluster. Third, we find that participants with symptoms of depression are significantly less likely to be members of transmission clusters. Finally, we find that both housing instability and heavy marijuana use significantly increase the number of connections to other individuals in a transmission cluster.
A higher number of confidants in one's network may reduce the risk of HIV transmission among YBMSM. Past studies have shown that social networks of HIV-positive black men who have sex with men exhibit a preponderance of family members and relatives. 27 Additional work has shown that personal networks consisting of greater family network proportion are associated with lower rates of both sex-drugthat is drugs which are used to make sex easier, more enjoyable, or last longer-use and group sex. 28 Black men who have sex with men with greater support networks have also been shown to participate less in high-risk sexual behavior and to have a greater number of HIV tests in the previous past 2 years. 29 Furthermore, greater social support has been associated with higher HIV care uptake and adherence to antiretroviral medications. 30 The findings presented in this study support past work suggesting that greater social support in one's network plays a protective role in the movement of HIV through transmission networks of YBMSM. Future work should be conducted to address factors that are more protective for persistently HIV-negative social and confidant network members.
Contrary to past findings, we found depression to be associated with a lower likelihood of being a member of a transmission cluster. Depression has previously been associated with an overall increase in participation in HIV risk behavior, [31] [32] [33] [34] [35] even given knowledge of one's HIV status. 36 These behaviors include inconsistent condom use 37 and a higher number of lifetime sexual partners 38, 39 ; depression has also been associated with poor adherence to antiretroviral medications. 40, 41 Given past research, our findings of depression playing a "protective" role are a bit surprising; it is possible that our association may only be found in relation to HIV transmission clusters and not overall HIV risk. Additionally, our findings may be attributed to our use of the Brief Symptom Inventory 18-question survey (BSI-18), which only indicates the presence of depressive symptoms and does not identify the level of depression. Further research is need to fully ascertain the relationship between HIV transmission clusters and depression.
Both housing instability and heavy marijuana are associated with larger HIV transmission clusters. Any marijuana use has previously been associated with participation in HIV risk behaviors including both condomless sex and group sex, 13 whereas heavy marijuana use has been associated with being HIV positive and unaware of one's status. 15 Our findings support this past research and suggest that engaging heavy marijuana users in HIV prevention efforts may reduce the overall size of transmission clusters and may serve to disrupt forward transmission of HIV through networks of YBMSM.
Similar to past studies, we defined housing instability as one's perception of being homeless and not one's physical address. 42 Early evidence has shown that HIV rates among homeless adults are higher for blacks than whites and for men who have sex with men compared with other risk groups. 43 More recent research has shown that homelessness is also associated with HIV risk among both substance users 44, 45 and street-involved youth. 46 Additionally, survival sex, or trading sex for basic goods in the face of extreme need, has been shown to be a strong predictor of HIV risk among lesbian, bisexual, and gay homeless youth. 47 While engaging those YBMSM who perceive themselves as homeless in HIV prevention services may aid in disrupting HIV transmission clusters, these individuals may be more impacted through structural interventions vis-à-vis stable housing.
Our study should be viewed in the context of its limitations. First, our data are cross-sectional and thus do not allow for causal inference. Second, we were able to obtain HIV sequences for only 32.3% of persons who were HIV seropositive during the study period, and thus, the inferred transmission network is incomplete. Because of the small size of our study population, the results are limited in their scope and generalizability, our limited cohort may not necessarily be representative of the larger population of interest in Chicago. Additionally, we are unable to determine whether the observed ties between HIV-diagnosed individuals are indirect or direct transmission links, nor can we determine a direction of transmission from our data.
Even in light of these limitations, we were still able to draw meaningful conclusions from our data. We have shown that an increased number of confidants in one's network may play a role in reducing the likelihood of being a member of a transmission cluster. We have also demonstrated that perception of being homeless and heavy marijuana use may increase the size of HIV transmission clusters. Future work should also be conducted to examine in greater depth the observed relationship between depression and transmission networks. Finally, the prospective use of phylogenetic analyses ought to be evaluated further for incorporation into HIV surveillance methods in local departments of public health. Our results suggest that determination of sequence clusters may aid in determining factors associated with spread in a population, which may vary in other locales from what we observed among YBMSM and provide a method for prioritizing limited public health resources to limit HIV spread.
